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Abstract. Problems resulting from excessive use of synthetic pesticides, including pest resistance and negative impacts on non-
target organisms, have led to restrictions on the use of these compounds.  The flour beetles, Tribolium castaneum and T. confusum are 
two of the most important pests of stored products worldwide. In the present study, the fumigant toxicity of an essential oil of 
Artemisia dracunculus to these pests was evaluated after 24 h of exposure. Activities of the major detoxifying enzymes were assessed 
at three different concentrations of essential oil (LC30, LC50 and LC70). The essential oil was significantly more toxic to T. castaneum 
(LC50= 67.2 µl/L air) than to T. confusum (LC50 = 178.4 µl/L air). The activity of GST (glutathione S-transferase) and MFOs (mixed 
function oxidases) of T. castaneum was positively and negatively correlated with increasing the essential oil doses, respectively. 
However this statistical relationship was reverse in T. confusum. Induction of GST in T. confusum might account for the lesser 
susceptibility of this species to the essential oil of A. dracunculus, while T. castaneum just showed a slight enhancement in the enzyme 
activity. 
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Introduction 
 
Nowadays the problems of using chemical pesticides such as 
insect resistance and hazard on non-target organisms, the es-
sential oils have become more popular for growers. As well 
as these natural compounds have interesting benefits (i.e. no 
toxicity to mammals, no toxic residues in the environment, 
high levels of contact and fumigant toxicity etc.) to use 
against insect pests (Shaaya et al. 1997, Isman 2006). 

Besides, it should be considered that essential oils as in-
secticides have some disadvantages in application. Low va-
por pressure in compare with chemical fumigants (e.g. 
methyl bromide and phostoxin), some undesirable effects on 
food materials (e.g. remaining flavor on foods in storages 
and reducing the germination percent of seeds) and the risk 
of resistance in the future are of their using problems in stor-
ages (Rajendran & Sriranjini 2008). 

Study of Asteraceae family essential oils toxicity on 
stored product pests, has sharpened in recent years (Saadali 
et al. 2001, Negahban et al. 2007, Sharifian et al. 2013, 
Mousavi & Valizadegan 2014). Red flour beetle, Tribolium 
castaneum and confused beetle Tribolium confusum are one of 
the important pests of stored products all over the world. 
The life cycle of these pests are partially short (Park 1934) 
that have become practically difficult to control. 

Resistance of stored product pests to chemical insecti-
cides and failure of management program have reported in 
some documents (Collins et al. 2002, Zhou et al. 2003, Ben-
halima et al. 2004). 

Development of resistance to compounds which have 
made of several parts, are very slow, however, numerous of 
studies have confirmed, in addition the resistance, the pests 
could have different levels of tolerance in comparison with 
each other against essential oil (Yarahmadi et al. 2009, Shari-
fian et al. 2012). The metabolic resistance is one of the most 
common strategies of resistance due to enhanced levels of 
detoxifying enzymes activity (Brogdon et al. 1997, Huang & 
Ottea 2004). Levels of esterase enzymes, glutathione S-
transferases (GSTs) and multi-function oxygenases (MFOs) 

are identified as main biomarkers in enzymatic resistance to 
insecticides. Study of these enzymes level could approve re-
sistance in insect populations (Enayati et al. 2005; Huang & 
Ottea 2004). 

Chemical composition of Artemisia dracunculus was 
evaluated in early studies (Kordali et al. 2005;  Lopes-Lutza 
et al. 2008). That (Z)-anethole (81.0 %) was the major con-
stituent of essential oil of A. dracunculus. This study investi-
gates the fumigant toxicity of A. dracunculus essential oil to 
two species of flour beetles, also detoxifying enzymes activ-
ity were determined in insects exposed to three different 
concentrations of the essential oil. 
 
 
Material and methods 
 
Plant material 
Aerial parts of A. dracunculus have been purchased from local market 
at Karaj, Iran. Plant materials were dried naturally in laboratory at 
room temperature (23±5 °C) for five days until crisp (Negahban et al. 
2007). Plant samples were steam distilled for 2 hours to extract essen-
tial oil using a Clevenger-type collector. 

 
Extraction and analysis of essential oil 
The constituents of A. dracunculus essential oil were analyzed by gas 
chromatography–mass spectrometry (GC–MS) (Thermo-UFM). The 
GS conditions were as follows: capillary column 1-ph (30 m x 0.25 
mm, film thickness 0.25 pm); helium as a carrier gas (0.5 ml/min); 
oven temperature program, initially 40°C rising to 250°C (80°C/ 
min, 3 min); injector and detector temperature of 250°C. The identifi-
cation of individual compounds was based on comparison of their 
relative retention times with those of authentic samples on a capil-
lary column, and by matching their mass spectra of peaks with those 
obtained from authentic samples and published data (Davies 1990). 

 
Insects 
Culturing insects were obtained from the laboratory culture of stored 
product pests, Department of Plant Protection, University of Tehran, 
Iran. T. castaneum and T. confusum both were reared on flour mixed 
with yeast (5% w/w) that purchased from a local market and kept in 
oven (60 °C) for half an hour to remove all probable pest pollutions. 
Then, culturing media and insects were located in incubator with  
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65±10 % R.H. and 27±5 °C in darkness for mass reproduction. 
 

Bioassay 
Different doses of the essential oil concentrations were applied on a 
filter paper (Whatman No. 1, with 2.5 cm diameter) under the cap of 
fumigation chamber (plastic vial with 125 ml capacity). Twenty 
adults of insects (1 day old) were placed in plastic vials and then 
sealed with air-tight lids. Because of the slippery walls of vials, there 
was no direct contact between the oil and the insects. No essential oil 
was applied to the filter paper of control vials. All experiments were 
performed under laboratory conditions (25±5 °C and Darkness). 
Mortality was recorded 24 hours after exposure. Each experiment 
was replicated five times. Insects were considered as dead when no 
leg or antennal movements were observed. 

 
Detoxification Enzymes assay 
Ten adult beetles that exposed to three concentrations (LC30, LC50 
and LC70) of the essential oil were used for enzymes assay. The Sur-
vived insects were homogenized before (control) and after (treat-
ment) the use of lethal concentrations of the essential oil, in phos-
phate buffer 0.1 M (180 µL) at 4 °C, 24 h after exposure to the essen-
tial oil. The homogenated mixture was spun (10000 g for 10 min at 4 
°C) in a microcentrifuge (eppendorf 5417 R). 

Evaluation of glutathione S-transferase activity was performed 
based on Habig method (1974) with little modifications. Enzyme 
sample was placed in each well (15 µL) plus 200 µL of chloro-dinitro 
benzene mixture (CDNB; 63 mM solved in methanol) and reduced 
glutathione (GSH; 10 mM) in the ratio of 1:50. Then, absorbance was 
read at 340 nm every 30 seconds for 5 minutes (Habig et al. 1974). 

Van Asperen method (1962) was used for the evaluation of es-
terase activity in which 30 mM alpha-naphthyl acetate and beta-
naphthyl acetate were used as substrate (diluted in phosphate buffer 
0.02 M (ratio 1:99). Beetles were homogenized in phosphate buffer 
(0.1 M, pH 7 with 1% Triton X-100). Enzyme samples (15 µL for al-
pha-naphthyl and 10 µL for beta-naphthyl), plus alpha-NA or beta-
NA substrate (200 µL) and 50 µL of fast blue RR (dissolved in dis-
tilled water in the ratio of 10:1 v/v) poured in microplate wells. Fi-
nally, absorbance reading was performed at 450 nm for alpha-
naphthyl and 540 nm for beta-naphthyl every 2 min for 10 minutes, 
continuously (Van Asperen 1962) . 

Evaluation of oxidase activity was performed using the Brogdon 
method (1997). Each well of microplate was contained the enzyme 
samples (20 µL), 80 µL of potassium phosphate buffer 0.625 M (pH 
7.2), 200 µL of TMBZ (dissolved in methanol and sodium acetate 
buffer 0.25 M) and 25 µL of H2O2 (3%). After 2 hours of incubation at 
25 ◦C (in the darkness), absorbance was read at 450 nm (Brogdon et 
al. 1997). To measure the samples protein content, Bradford method 
was used with BSA as standard (Bradford 1976). 

 
Data analysis 
Data of bioassays were analyzed for calculating lethal and sublethal 
concentrations by PoloPlus 2.0 and mean comparisons were per-
formed using SPSS 22.0. Tukey test (P≤0.05) was used to compare 
means in enzymes activity. 

 
 

Results 
 
Chemical analysis 
The essential oil of A. dracunculus was yellowish and its yield 
was 1.8% (W/W). The main constituents of A. dracunculus  

Table 1. Main constituents of A. dracunculus essential oil. 
 

No. Constituent % RI* 

1 α-pinene 0.8 858 

2 camphene 0.06 878 
3 β-pinene 0.34 912 

4 limonene  2.76 950 

5 β-trans-ocimene 7.32 1033 
6 β-cis-ocimene  5.43 1058 

7 α-terpinolene   0.26 1104 

8 trans-anethole 78.45 1216 
9 methyl eugenol  0.56 1283 

10 methyl chavicol  0.04 1214 
 

*: Retention index 
 
 

essential oil (about 96%) are shown in Table 1, sorted by 
their retention indices. 

 
Bioassay 
Bioassay results showed that T. confusum is more tolerant to 
essential oil of A. dracunculus than T. castaneum. Also LC50s 
range don’t overlap that showed the essential oil lethal con-
centrations 50 is significantly different against two insect 
species (Table 2). 

 
Enzymes assay 
Esterases activity assay in both T. castaneum and T. confusum 
exposed to the essential oil of A. dracunculus showed that, 
there is no significant difference between species in control 
and treatments when 1-naphtyl acetate used as substrate 
(F=2.24; df=7; P=0.086) (Fig. 1(A)). Also, the difference be-
tween esterase activities of the beetles exposed to different 
concentrations of A. dracunculus oil using 2-naphtyl acetate 
as substrate was not significant between the species whereas 
enzyme activity in T. confusum was slightly more than T. cas-
taneum (F=4.445; df=7; P=0.006) (Fig. 1(B)). 

GST activity assay showed significant difference be-
tween treatments and control in T. confusum (F=29.63; df=3; 
P=0.000). Moreover the significant difference was observed 
in GST activity between insect species as well as the activity 
was negatively and positively correlated to the different 
concentrations of essential oil for T. confusum and T. casta-
neum, respectively (F=49.311; df=7; P=0.000) (Fig. 2). 

The amount of oxidases (MFOs) showed an increasing 
procedure in T. confusum with increase in essential oil con-
centrations, while in T. castaneum the procedure was com-
pletely reversed. The amount of MFOs in control was evalu-
ated as moderate in two species (Fig. 3). 

 
 

Discussion 
 
In this study fumigant toxicity of essential oil of A. dracuncu-
lus were studied against T. castaneum and T. confusum. Also,  

 
 

Table 2. Lethal and sublethal concentrations of A. dracunculus essential oil against T. confusum and T. castaneum. 
 

Insects LC30* LC50 (CI 95%) † LC70 b±S.E. χ2 (df) P 

T. castaneum 52.8 67.2 (62.4-82.8) 85.6 5.0±0.6 14.01 (18) 0.791 
T. confusum 160.0 178.4 (172.8-184.0) 199.2 11.1±1.2 7.4 (18) 0.413 

 

*µL/L air; † Fiducial limits of 95% using PoloPlus 2.0 
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Figure 1. Esterases activity of T. castaneum and T. confusum (using 1-

naphtyl acetate (A) and 2-naphtyl acetate (B) as substrate), exposed 
to different concentrations of A. dracunculus oil (different letters 
over columns indicate significant difference in Tukey’s test, 
P≤0.05). 

 
 

 
 

Figure 2. GST activity in T. castaneum and T. confusum exposed to dif-
ferent concentration of A. dracunculus essential oil (different letters 
over columns indicate significant difference using Tukey’s test, 
P≤0.05). 

 
 

 
 

Figure 3. The amount of MFOs in T. castaneum and T. confusum ex-
posed to different concentrations of A. dracunculus essential oil in 
comparison with control (different letters over columns indicate 
significant difference using Tukey’s test, P≤0.05). 

the activity levels of common detoxifying enzymes were de-
termined exposed to three different concentrations of the es-
sential oil. 

Essential oil yield was 1.8% (W/W) that is relatively high 
in comparison with other studies (Sayyah et al. 2004; 
Sharafati chaleshtori et al. 2013). The chemical analysis of the 
essential oil showed that the main constituent of the A. 
dracunculus essential oil was Trans-anethol (78.4%). Al-
though, previous studies have shown that this value can 
range from 21.1% to 84.83% (Sayyah et al. 2004; Kordali et al. 
2005; Sharafati chaleshtori et al. 2013). The differences be-
tween essential oils components could be due to differences 
in their growth area, season of collecting and the plant 
phenology (Angioni et al. 2006). Various components in es-
sential oils are the source of variety in their fumigant toxicity 
against insect pests (Isman 2006). 

Results of current and earlier studies indicate that essen-
tial oil of A. dracunculus is a source of biologically active 
components (Kordali et al. 2005) which may potentially be 
an insecticide (Saadali et al. 2001, Mousavi & Valizadegan 
2014). Some stored product pests including T. castaneum and 
T. confusum are most frequent insects for evaluating of essen-
tial oils fumigant toxicity (Rajendran & Sriranjini 2008). Sus-
ceptibility of different insect species to various essential oils 
was different as showed in prior studies (Saadali et al. 2001, 
Sharifian et al. 2012, Mousavi & Valizadegan 2014). There is 
a positive correlation between tolerance and body size of in-
sects against xenobiotics, in addition, the innate ability and 
the age could be involved in this tolerance (Timchalk et al. 
2006, Yarahmadi et al. 2009). Our results showed higher tol-
erance to A. dracunculus oil in T. confusum in comparison 
with T. castaneum. As well as, T. castaneum showed more 
susceptibility to an IGR compound (PointsourcetTM) in com-
parison with T. confusum (Arthur 2003). 

Common detoxification enzymes in insects including 
glutathione-S-transferase and multi-function oxygenases are 
involved in the detoxification of xenobiotics such as plant ex-
tract (Yu 1984; Terra et al. 1996). Glutathione S-transferases 
(GST) catalyze the conjugation of electrophile molecules by 
reduced glutathione (GSH), and altering toxic substances to 
less toxics (Grant & Matsumura 1989). GSTs can help to pro-
tect cells from chemical toxicants and oxidative stress by aid-
ing the excretion of lipophilic and electrophilic compounds 
(Hayes & Pulford 1995). Current results showed the activity 
of GST and MFO were dose-dependent. On the other hand, 
when concentration of the essential oil was increased, the ac-
tivity of GST in T. castaneum has risen conflict of MFO. Al-
though, above relevance in T. confusum was opposite to the 
finding in T. castaneum.  

In addition, the activity of esterases was not dose-
dependent in two species. The activity of glutathione S-
transferases and P450 monooxygenases were increased in re-
sponse to the consumption of 3, 7-di-O-acetylhavanensin 
(F18) in Leptinotarsa decemlineata (Ortego et al. 1999). Aham-
mad-Sahib (1994) showed glutathione S- transferases and 
monooxygenase activities elevated in the resistant Colorado 
potato beetle but no conversion in carboxyesterase activity 
was seen. Also, Zehnder and Warthen (1988) reported that 
after adding the P450 monooxygenase inhibitor, the toxicity 
of neem seed extracts used against Leptinotarsa decemlineata 
larvae increased. The glutathione S-transferase (GST) and 
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carboxylesterase (CarE) activities, of the treated larvae of 
Mythimna separata were increased to some extent after ex-
posed to fraxinellone (Lv et al. 2014). The essential oil of 
Rosemarinus officinalis caused increase in GST activitiy in 
Glyphodes pyloalis (Yazdani et al. 2013). Moreover, after ap-
plication of Artemisia annua extract on Glyphodes pyloalis, the 
activity of glutathione S-transferase increased significantly 
48 hours post-treatment (Khosravi et al. 2011). Zibaee and 
Bandani (2010) suggested that after topical application of Ar-
temisia annua extract on Eurygaster integriceps, the activities of 
GST and esterase were increased in the first 24 h after ex-
posed. Some other studies have found that when the larvae 
of Ostrinia furnacalis feed on fraxinellone treated food, the ac-
tivity of GST and general esterase did not show any changes 
(Liu et al. 2008). 

The activities of specific detoxification enzymes could be 
depend on the species (Caballero et al. 2008). The results of 
our study showed that GST has an important role in metabo-
lism or in detoxification of A. dracunculus essential oil in T. 
confusum. Because small increase at the concentration higher 
than LC50 on T. castaneum, the enzyme might be effective in 
detoxification however this value has no significant differ-
ence in compare to control. 

Our results suggest that glutathione S- transferases and 
MFO are involved in the metabolism of essential oil of Ar-
temisia dracunculus L. in both species and this essential oil 
may be used in the management of these economically im-
portant pests. 
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